Introduction {#S0001}
============

Bipolar disorder (BD) is a debilitating illness in which individuals experiencing both manic and depressed moods, causing impaired social functioning, diminished quality of life, and increased mortality due to suicide.[@CIT0001] Unipolar depression (UD) and BD are both characterized by depressive moods. Therefore, it is difficult to distinguish BD from UD in clinical practice and often resulting in misdiagnosed BD.[@CIT0002] Studies report that nearly 60% of patients with BD have been previously misdiagnosed for recurrent UD and the average duration of misdiagnosis is 7.5 to 9.8 years.[@CIT0003],[@CIT0004] Improper treatment of these patients increases the risk of manic episodes as well as the possibility of progressing to Rapid-Cycling Disorder, which is more difficult to treat.[@CIT0005],[@CIT0006] It may take 10 years or even longer to correct the diagnosis, in which case the patient will have spent a significant amount of money on medical expenses targeting the wrong condition. Misdiagnosis and incorrect treatment. Misdiagnosis and incorrect treatment causes significant distress to the patient and likewise a heavy burden on family and society.[@CIT0007],[@CIT0008] In order to provide proper treatment, it is thus necessary to search for reliable biological markers to promote early and accurate identification of the two diseases.

Resting-state functional magnetic resonance imaging (rs-fMRI) is a non-invasive procedure based on blood-oxygen-level-dependent (BOLD) neuroimaging technology. Studies have shown that rs-fMRI can be used to study the pathophysiology of mental illnesses.[@CIT0005] Regional homogeneity (ReHo) is a commonly used method of rs-fMRI data analysis, which reflects the synchronized neural activity in functionally related brain regions. Many studies have reported that changes in ReHo values are related to abnormal brain activity.[@CIT0009] ReHo is widely used in the study of various mental disorders and has been demonstrated to have a high test--retest reliability in the study of the consistency of brain activity.[@CIT0010],[@CIT0011] A large amount of evidence has shown a correlation between the ReHo value of abnormal brain areas and clinical symptoms, as well as scores of the Hamilton Rating Scale for Depression (HRSD). Therefore, ReHo values can be used as an effective indicator to evaluate depression severity.[@CIT0009]

There have been some studies comparing the ReHo values of BD and UD. Liu et al showed that compared to UD patients, BD patients exhibited increased ReHo values of in the right dorsal anterior insular, right middle frontal gyrus, right cerebellum posterior gyrus and the left cerebellum anterior gyrus, and decreased ReHo values in the right parahippocampal gyrus, right ventral anterior insular.[@CIT0012] Liang et al indicated that compared UD patients, BD subjects showed a significant increase of ReHo values in the thalamus.[@CIT0011] To date, various studies have reported the neuroimaging differences between BD and UD. However, the results have been inconsistent.

The purpose of our study is to investigate the similarities and differences in ReHo values of patients with UD and BD in order to isolate biological markers necessary for identification.

Methods {#S0002}
-------

### Participants {#S0002-S2001}

The participants consisted of 58 UD patients and 40 BD patients were recruited from the Department of Psychiatry in the First Hospital of Shanxi Medical University between December 2018 and July 2019. Confirmation of the diagnosis of BD or UD was made by two experienced psychiatrists using the structured Clinical Interview for DSM-IV (SCID). All of the subjects included in this study meet the following criteria: (1) aged from 18 to 55 years old; (2) The total score of the 24-item Hamilton Depression Rating Scale (HDMD-24)≥20; (3) right-handed; (4) have no history of neurological illnesses or other severe diseases; (5) have no history of head injury or other comorbid DSM-IV axis I psychiatric disorders; (6) without manic and mixed episodes; (7) not pregnant or contraindications for MRI scans.

A total of 27 patients who matched the age, gender, education, and health controls (HCs group) were recruited from the Physical Examination Center of the First Hospital of Shanxi Medical University. Excluded subjects were those who were left-handed, had mental disorders, a neurological illness, other severe diseases, or who showed abnormalities in brain images.

After receiving a thorough description of the study, all participants provided their written informed consent. This study was approved by the Ethical Committee for Medicine of First Hospital of Shanxi Medical University in Taiyuan, China, and conducted in accordance with the Declaration of Helsinki.

Image Acquisition {#S0002-S2002}
-----------------

All of the subjects were scanned on an A MAGNETOM Trio Tim 3.0 T (Siemens Medical Solutions, Germany) with a 12-channel birdcage head coil located at the First Hospital of Shanxi Medical University. The rs-fMRI was performed using an echo-planar imaging (EPI) sequence with the following parameters: TR = 2000 ms, TE = 30 ms, Flip angle = 70°, FOV = 24 × 24 cm, matrix = 64 × 64, section thickness = 3 mm, slice gap =2 mm, acquired over 6 min and 212 volumes were obtained. During the scan, participants were instructed to keep their eyes closed and all participants reported that they did not fall asleep.

Image Processing {#S0002-S2003}
----------------

Data preprocessing was conducted using the Data Processing & Analysis for Brain Imaging (DPABI 2.2)[@CIT0013] and the Resting-State fMRI Data Analysis Toolkit (REST).[@CIT0014] The first 10 volumes of functional time points that allowed the participants to adapt to scanning noises were discarded. The rest of the volumes were processed using the following six steps: (1) slice-timing; (2) realignment to reduce head motion (all head movements exceeding 2.5 mm were excluded); (3) spatial normalization to the Montreal Neurological Institute (MNI) coordinate space with 3×3×3 mm; (4) linear detrending; (5) temporal band-pass filtering (0.01--0.08 Hz); (6) nuisance signals were regressed out, including Friston 24 head motion parameters, global signal, white matter signal, and cerebrospinal fluid signal. Finally, the standardized ReHo map of each participant was smoothed with a Gaussian kernel of 6 mm FWHM to decrease spatial noise. For subsequent statistical analysis, Fisher's r-to-z transformation was applied to improve the normality of the correlation.[@CIT0015]

Data with a head motion of more than 2.5 mm or an angular rotation greater than 2.5° in any direction were excluded from the analysis.

Statistical Analyses {#S0002-S2004}
--------------------

All analyses were performed using SPSS Statistics Version 23.0 (SPSS23.0). One-way analyses of variance (ANOVA) were conducted to detect the differences among the three groups in age, years of education, and the total score of the HAMD-24, Hamilton Anxiety Scale (HAMA), and Young ﻿Mania ﻿Rating ﻿Scale (YMRS). An x^2^-test was used to estimate group differences in gender. P-values of 0.05 were considered statistically significant (two-tailed).

An ANOVA model was performed to compare whole-brain ReHo to identify abnormalities across three groups. The model was followed by post hoc t-tests to identify the differences between each pair of groups in DPABI 2.2, which would ensure that the effects were not accounted for by other factors. Age, gender, and years of education were selected as covariates. DPABI 2.2 was used to report the results. The brain areas were considered significant by the AlphaSim correction, voxel-*P *\< 0.01, cluster-*P *\< 0.05 ([<http://afni.nih.gov/afni/docpdf/AlphaSim.pdf>]{.ul}). From the preprocessed resting﻿-state fMRI data, we extracted the mean ReHo value for these abnormality clusters. Following this step, Pearson correlation analyses were conducted to calculate the correlation between the abnormality clusters and the total score of the HAMD, HAMA, YMRS in the UD and BD.

Results {#S0003}
=======

Demographic Data Comparisons {#S0003-S2001}
----------------------------

There were no statistical differences among the three groups in terms of age (F= 1.530, *p* = 0.220), gender (x^2^=0.428, *p* = 0.807), and years of education (F= 0.945, *p* = 0.391). The total scores of the HAMD-24 (t= 1.052, *p* = 0.298), HAMA (t= 0.107, *p* = 0.766), and YMRS (t= 0.072, *p* = 0.201) in the UD and BD had no significant differences ([Table 1](#T0001){ref-type="table"}).Table 1Demographic and Clinical Characteristics of All ParticipantsVariableUD Group (n=58)BD Group (n=40)HC Group (n=54)Statistical Value*P* -valueSex (M/F)24/3420/2026/280.4280.807^a^Age (years)35.75±9.9332.82±7.4432.61±8.961.5300.220^b^Education (years)13.31±2.9513.36±2.9914.20±3.310.9450.391^b^HAMD-24 (score)27.10±4.5925.65±4.991.0520.298^c^HAMA (score)21.5±9.822.7±10.30.1070.766 ^c^YMRS (score)1.6±0.912.2±0.770.0720.201 ^c^[^1]

ReHo Regions Differences in UD Group, BD Group, and HCs Group {#S0003-S2002}
-------------------------------------------------------------

Significant differences in ReHo were observed among the three groups for the right hippocampus, right parahippocampal gyrus, right Inferior orbitofrontal gyrus, right superior temporal gyrus, right inferior temporal gyrus and right middle occipital gyrus (See [Table 2](#T0002){ref-type="table"} and [Figure 1](#F0001){ref-type="fig"}).Table 2ReHo Region Differences in UD Groups, BD Groups, and HC GroupsBrain AreasCluster SizeBAL/RMNI CoordinatesStatistical Valuexyz(peak)Differences Among Three GroupsHippocampus, Parahippocampal gyrus8020R36−15−2411.740Superior temporal gyrus and Inferior orbitofrontal gyrus5238R3621−249.109Middle occipital gyrus and Inferior temporal gyrus2619R33−72156.610UD \> BD Superior temporal gyrus1737R60−57−153.228BD \>HC Hippocampus4120R36−12−244.061BD \< HC Middle occipital gyrus5019R48−75−3−3.084UD \> HC Parahippocampal5530,20,20R33−21−213.778[^2][^3] Figure 1ReHo maps showing significant differences among the three groups displayed on axial, coronal, and sagittal slices. Numbers indicate x, y, and z slices, and are displayed in MNI coordinates. Red colors denote increased activity. The color bars indicate the F-value based on one-way ANOVA. (p\<0.01 AlphaSim correction).

Relative to the HCs group, increased brain activity was observed in the UD group in the right parahippocampal gyrus (See [Table 2](#T0002){ref-type="table"} and [Figure 2](#F0002){ref-type="fig"}).Figure 2ReHo maps showing significant differences in brain activity between UD group and BD group, UD group and HC group, and BD group and HC group displayed on axial, coronal, and sagittal slices. Numbers indicate x, y, and z slices, and are displayed in MNI coordinates. Red and blue colors denote increased and decreased activity. The color bars indicate the T-value based on two-sample *t*-test. (p\<0.01 AlphaSim correction).

Compared with the HCs group, increased brain activity in the BD group was observed in the right hippocampus and decreased brain activity in the right middle occipital gyrus (See [Table 2](#T0002){ref-type="table"} and [Figure 2](#F0002){ref-type="fig"}).

Relative to the UD group, increased brain activity was observed in the BD group in the right inferior temporal gyrus (See [Table 2](#T0002){ref-type="table"} and [Figure 2](#F0002){ref-type="fig"}). No correlations were observed between the scores of HAMD, HAMA, YMRS, and the ReHo values of altered brain regions between BD and UD (−0.2 \< r \< 0.2, P \> 0.05).

Discussion {#S0004}
==========

Our study showed that compared to HC, patients with UD and BU demonstrated increased ReHo values in the right parahippocampal and right hippocampus gyrus. Previous studies have found significant functional and structural abnormalities in the hippocampus and parahippocampal gyrus in patients with depression.[@CIT0012],[@CIT0016] Using meta-analysis, Wise et al determined that patients with UD have reduced gray matter volume in both the hippocampus and parahippocampus in comparison to the control group. Additionally, patients experiencing a depressive episode show a reduction in hippocampal volume when compared to patients in remission.[@CIT0017] Yao et al found that the ReHo values of BD patients were significantly different from healthy subjects in the right hippocampus, right amygdala, right parahippocampal gyrus, and right orbital inferior frontal gyrus[@CIT0005] Tannous et al reported that patients with UD and BD exhibited decreased gray matter volume (GMV) in the hippocampus and parahippocampal gyrus which have a significant impact on executive function, stress regulation and learning processes.[@CIT0018] The hippocampus located below the cerebral cortex and inside the temporal lobe contains the hippocampus proper and the dentate gyrus. As a component of the limbic system, the hippocampus plays an important role in learning, memory, spatial orientation, and emotional management.[@CIT0019] Hippocampus is likewise an important part of the Default Mode Network (DMN) of the brain, which has been considered to play a key role in the pathophysiology of mood disorders.[@CIT0019]

This study also found that when compared to HCs, patients with BD had lower ReHo values in the right middle occipital gyrus. Previous studies have shown structural and functional abnormalities in the occipital gyrus lobe and temporal lobe of patients with BD, such as significantly decreased GMV in the middle occipital gyrus and middle temporal gyrus.[@CIT0020] The degree of metabolism of these brain regions in patients with BD has a negative correlation with depressive symptoms.[@CIT0021] These studies indicate that structural and functional impairment of the occipital gyrus and temporal gyrus may be one of the pathological bases of emotional disorders and cognitive impairment. The anterior part of the temporal gyrus is the mental cortex, which is connected to the frontal gyrus and occipital gyrus by nerve fiber bundles. Therefore, the temporal gyrus plays an important role in the processing of emotion, memory, and mental activities.[@CIT0022] Studies demonstrate that the middle temporal gyrus plays a role in language processing, the fusiform gyrus is involved in the recognition of objects and facial expressions.[@CIT0023] The occipital cortex is responsible for collecting and processing visual information. Therefore, the abnormalities in these brain areas are usually associated with the clinical manifestations of cognitive impairment, memory loss, and emotional disorders in patients with mood disorders.[@CIT0024]

There was an increased ReHo value of the right inferior temporal gyrus in BD when compared to UD, which may be related to the manic episodes and psychotic symptoms of patients with BD. In addition, the use of lithium salts and antipsychotics may also affect brain activity in BD patients.[@CIT0025] Patients with BD have a significant mean diffusivity (MD) and fractional anisotropy (FA) in the temporal gyrus, and clinical evidence shows that temporal gyrus lesions can cause BD in previously healthy individuals.[@CIT0026] A structural MRI study also showed that the thickness of the right temporal gyrus is negatively correlated with working memory, especially in patient with BD.[@CIT0027] The results of this study showed a significant different ReHo value in the right inferior temporal gyrus between BD and UD, thereby indicating that the changes in local functional connectivity in this region could be the pathophysiological difference between the two diseases. Meanwhile, there was no correlation between the ReHo value of the right inferior temporal gyrus and the total score of HAMD-24, HAMA, and YMRS in the two groups, which aligns with previous research results.[@CIT0005],[@CIT0028] These findings suggest that the difference of local functional connectivity in the right inferior temporal gyrus may be related to the disease itself, and not to the depressive symptoms. Such may be a biological indicator distinguishing BD and UD.

In summary, this study found that patients with UD and BD have abnormal ReHo values in the right hippocampus, right parahippocampal gyrus, and right fusiform gyrus, inferring that these brain areas are related to depressive symptoms. The difference in ReHo values in the right inferior temporal gyrus between UD and BD can be used as a biological marker for the early diagnosis of BD that begins with depressive symptoms.

Limitation {#S0005}
==========

It is important to note that there are some limitations to this study, including sample size, confounding factors, and limited follow-up. A larger sample size is needed to verify the repeatability of the results. Additionally, since most patients were already receiving treatment prior to this study, there is no way to account for the effects of various drugs on experimental results. Lastly, timely follow-up with patients is very important to ensure the correct diagnosis of UD or BD and to comprehensively analyze the disease in combination with other data such as structural images and Diffusion-Tensor Imaging (DTI)

Conclusion {#S0006}
==========

The present study showed that there were many differences in the ReHo of the brain across UD, BD, and HCs. ReHo in the right inferior temporal gyrus showed significant differences between BD and UD that might serve as neuroimaging markers of BD.
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[^1]: **Notes:** ^a^*P* value for chi-square test. ^b^*P* values for one-way ANOVA. ^c^*P* values for two-sample *t*-test.

[^2]: **Notes:** MNI coordinates: Coordinates of primary peak locations in the Montreal Neurological Institute space. Statistical-value of peak voxel showing ReHo differences among three groups. Adjusted by AlphaSim, p\<0.01.

[^3]: **Abbreviations:** BA, Brodmann area; MNI, Montreal Neurological Institute.
